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Description 

[0001] The invention concerns a telecommunications 
method and system, in particular ones using packet 
mode, in which it is necessary to transfer calls simulta- 
neously from one path to another. 
[0002] The transfer of calls from one path to another 
is sometimes referred to as "handover" or "hand-off". 
[0003] In some communications systems it is neces- 
sary for signals to be handed over from one path to an- 
other during a call or connection. 
[0004] A first example of this is a mobile telephone 
system currently underdevelopment, usually referred to 
as the Universal Mobile Telephone System (UMTS) and 
in which each mobile station is connected to the network 
by a fixed base transceiver station radiating in a partic- 
ular geographical area. The call must be handled by an- 
other base transceiver station when the mobile station 
moves away from that area. The two base transceiver 
stations are connected on their upstream side to the 
same switch * Accordingly, in this case, a call between a 
terminal and a switch must be handed over from a first 
path via a first base transceiver station to a second path 
via a second base transceiver station. 
[0005] A second example is a telecommunications 
system using a constellation of non-geostationary sat- 
ellites in low or medium orbit. The orbits are chosen so 
that practically all of the surface of the Earth is covered, 
in other words so that at least one satellite can be seen 
at any time from any point on the Earth (sometimes with 
the exception of polar areas). Because the satellites are 
not geostationary satellites, each point on the Earth 
sees the same satellite for only a limited time, in the or- 
der of 15 minutes at most. The telecommunications sys- 
tem is therefore organized so that, from the point of view 
of a terrestrial user, when one satellite leaves the area 
of visibility there is another satellite ready to take over 
the call In each area, having a diameter ol several hun- 
dred kilometers, for example, a connection station con- 
nects each terminal to the network, and the station and 
the terminal communicate via a satellite. In this case, 
the call-between a terminal and the connection station 
is effected initially via a first satellite (first path) and sub- 
sequently via a second satellite (second path). 
[0006] In all such systems, information is transmitted 
in digital form in cells or packets. The cells comprise a 
particular number of bits, for example, as in the ATM 
(Asynchronous Transfer Mode) standard. The packet 
length can vary. 

[0007] Because the transmission times are generally 
different on the two paths, when a call between two par- 
ticular points, for example a terminal and a connection 
station, is handed over from one path to another, a cell 
or packet on the second path can arrive before an earlier 
cell or packet on the first path, and it is necessary to 
retransmit the packets or cells in the correct order. Also, 
handover must not cause any cells or packets to be lost 
[0008] v In circuit mode r the problem ofthe order of the 



cells or packets is solved by dating the transport frame 
or transmission medium In other words, each cell or 
packet corresponds to a given (dated) section of the 
transmission medium. 
5 [0009] This dating solution entails transmitting addi- 
tional data. Also, it cannot be applied in packet mode 
because, in this case, the data can belong to different 
streams of information which are asynchronous and 
may not correspond to dates of the transmission medi- 
co urn. For example, the same transmission may convey 
information of different kinds with different bit rates and 
possibly different priorities. 

[0010] To solve the problem of the order of the cells 
or packets at the receiver, the last cell on the first path 

75 can be transmitted with a mark, and two receivers can 
be provided, one for each path, each having a demod- 
ulator and a buffer. The buffer of the second path receiv- 
er delays the cells received until the last cell of the first 
path, which is identified by a mark, has been received 

20 and processed. Once the last cell has been received, 
the buffer of the second path receiver is released. 
[0011] That prior art technique has the drawback of 
necessitating a receiver with two demodulators and two 
buffers, one for each path. That disadvantage is partic- 

25 ularly serious in the case of a terminal for consumer ap- 
plications, which must be of low cost. Also, marking the 
last cell on the first path constitutes signaling that mo- 
bilizes limited communications resources. 
[0012] The invention addresses those drawbacks 

30 [0013] It is characterized in that in the transmitter cells 
or packets intended for the second path are transmitted 
only after the last cell or packet intended for the first path 
has been transmitted, and in that in the transmitter and/ 
or in the receiver cells or packets on the first or second 

35 path are delayed so that cells or packets on the second 
path arrive after cells or packets on the first path. 
[0014] It is therefore unnecessary to transmit signal- 
ing for the last cell on the first path. 
[0015] Also, the cells or packets on the second path 

40 arrive after those on the first path, and it is therefore un- 
necessary to provide two demodulators. A single de- 
, modulator. is sufficient, 

[0016]- In an embodiment of the invention, the trans- 
mission times on the first and second paths are made 

45 equal. To this end, buffers in the transmitter and/or the 
receiver delay the cells cr packets for long enough to 
obtain equal transmission times, -tor example. 
[0017] The buffers are the same as those used to con- 
struct queues, for example. They can equally well be 

50 separate from those queue memories. 

[0018] The invention concerns not only a telecommu- 
nications method and system but also a transmitter and 
a receiver for implementing the method. 
[0019] The transmitter includes two buffers, one for 

55 each path, and is characterized in that it includes means 
for preventing transmission of data at the output of the 
second buffer and said means are inhibited after trans- 

• - mission of the last cell or packet on the. first path. ■ 
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[0020] In one embodiment of the invention, transmit- 
ting the last cell or packet on the first path unblocks 
transmission of cells or packets from the second buffer. 
Alternatively, the transmission of cells or packets from 
the second buffer is blocked for a particular time period 5 
following the handover command sufficient for the first 
buffer allocated to the first path to be emptied by trans- 
mitting all the cells or packets on the first path. 
[0021] A receiver in accordance with the invention is 
characterized in that it includes only one demodulator to 
[0022] The method, the transmitter, and the receiver 
of the invention can be applied equally well to handing 
over a single connection or a plurality of connections 
However, in the latter case (handing over a plurality of 
connections), the invention has additional particularfea- 7 ^ 
tures that address the drawbacks of prior art solutions. 
[0023] Prior art solutions to the problem of packet 
mode handover from one path to another also have the 
disadvantage that they take some considerable time to 
complele handover il there is a multiplicity of connec- 2 ® 
tions. This is because; 

[0024] The cells or packets to be transmitted are held 
in buffers and there is a buffer for each particular type 
of waiting data. For example, one buffer (queue) is pro- 
vided for cells or packets corresponding to telephone 2 $ 
conversations , another for e\ectronic mail, and another 
for image data. 

[0025] The various queues generally have different 
rates or speeds Because the command to hand over or 
transfer cells or packets is executed on the upstream 30 
side of the buffers, the time to transmit the cells or pack- 
ets to the output of the buffers varies from one buffer to 
another, i.e. from one connection to another. The time 
at which each cell or packet is transmitted cannot be 
predicted, because it depends on the content of each of 35 
the buffers and the grade of service each of them is al- 
located. 

[0026] Given the above conditions, the time period 
during which the data is handed over from one path to 
another cannot be minimized, and this lack of synchro- 4 o 
nization complicates the transmission of the data. 
[0027] The invention therefore aiso provides a meth- 
od ol transmitting non-dated or non-numbered digital 
data in packet mode between a remote transmitter and 
a remote receiver in which the data can take at least two 45 
different paths between the transmitter and the receiver 
and handover from a first path to a second path occurs 
during transmission, a set of buffers temporarily stores 
the data to be transmitted, and each buffer corresponds 
to a particular type of data to be transmitted. The method so 
is characterized in that handover from the first path to 
the second path is practically synchronous for the vari- 
ous buffers of the system, and in that the data on the 
first and/or the second path is delayed in the transmitter 
and/or in the receiver so that the data intended for the ss 
second path reaches the receiver after the data trans- 
mitted on the first path. 

[0028] The fact that handover is synchronous for the 



various buffers reduces the overall transfer time to zero. 
[0029] Moreover, as already indicated, because re- 
ception via the first and second paths is separated in 
time, the receiver can include a single demodulator. 
[0030] As in the case of a single connection, it is not 
necessary to transmit signaling for the fast cell on the 
first path. 

[0031] In one embodiment of the invention there is a 
single set of buffers and handover from one path to an- 
other occurs after the output of the buffers but before 
the multiplexing of the cells or packets leaving the vari- 
ous buffers. In other words, there are two multiplexing 
systems, one for each path. In this case, all the outputs 
of the buffers, i.e all the connections, are handed over 
at the same time. 

[0032] Because handover of data from one path to an- 
other is commanded from the output of the butlers, the 
time of handover is clearly defined and can be independ- 
ent of the transit times of the cells or packets in the buff- 
ers 

[0033] The handover mechanism is simple to imple- 
ment because the multiplexing systems are independ- 
ent of each other and there are therefore no constraints 
on allocating powers and communications resources. 
[0034] In a different embodiment of the invention, 
there is a set of buffers for each path, and during a du- 
plication period before handover the two buffers receive 
the same cells or packets, handover from one path to 
another occurring either when the contents of the two 
buffers are identical or a predetermined time after the 
start of duplication. 

[0035] The solution whereby handover is command- 
ed a particular time after the start of duplication has the 
advantage that the handover time is clearly defined and 
so handover is easy to synchronize for all the buffers 
corresponding to various grades of service. 
[0036] This embodiment can be used in particular 
when the handover time is known in advance, as is the 
case in a telecommunications system using satellites in 
low or medium orbit. 

[0037] Note that, if handover from one path to another 
occurs when the contents of the two buffers are identi- 
cal, in order to synchronize all the buffers, it is necessary 
to wait for the contents of all the pairs of buffers to be 
identical. 

[0038] In a different embodiment of the invention, in 
which there is also a set of buffers for each path, cells 
or packets are transferred from each buffer of the first 
set (corresponding to the first path) to the corresponding 
buffer of the second set just before handover from the 
first path to the second path. However, because it ne- 
cessitates the transmission of a large quantity of data in 
a short time period, this embodiment of the invention is 
more complex than the others. In contrast, the other em- 
bodiments do not necessitate any transfer of data from 
one buffer to another. In some cases, it may be benefi- 
cial to transfer signaling, in particular to detect when the 
contents of the buffers are identical, but such detection 
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does not necessitate any transfer of data as such, only 
transfer of signaling., for example cell or packet num- 
bers. 

[0039] The invention therefore provides a method of 
transmitting non-dated or non-numbered digital data in 
packet mode between a remote transmitter and a re- 
mote receiver in which the data can take at least two 
different paths between the transmitter and the receiver 
and handover from a first path to a second path occurs 
during transmission. The method is characterized in that 
in the transmitter cells or packets intended for the sec- 
ond path are transmitted only after the last cell or packet 
intended for the first path has been transmitted and in 
that in the transmitter and/or in the receiver cells or pack- 
ets on the first or second path are delayed so that cells 
or packets on the second path reach the receiver after 
cells or packets on the first path. 
[0040] In an embodiment of the invention, a first buffer 
temporarily stores data to be transmitted on the first 
path, a second buffer temporarily slores data to be 
transmitted on the second path and transmission of data 
from the second buffer is blocked until the last cell or 
packet has been transmitted on the first path. 
[0041] For this purpose, the last cell or packet on the 
first path can be marked in the transmitter, in which case 
the mark is used to unblock transmission on the second 
path and is eliminated for transmission to the receiver. 
Alternatively, transmission on the second path is 
blocked for a predetermined time period from the start 
of the command to hand over from the first path to the 
second path. 

. [0042], In one embodiment of the invention, to enable 
reception of cells or packets on the second path after 
reception of cells or packets on the first path, the cells 
or packets on the first or second path are delayed-long 
enough for the transmission times on the two paths to 
be equal. 

[0043] The transmission times can be made equal us- 
ing transmit and/or receive equalization buffers. 
[0044] In one embodiment of the invention, a set of 
buffers temporarily stores data to be transmitted, each 
buffer corresponds to a particular type of data to be 
transmitted, for example a particular grade" of service 
and/or a particular flow, and handover from the first path 
to the second path occurs in a practically synchronous 
manner for the various buffers of the set. 
[0045] For this purpose, the cells or packets can be 
delayed long enough for the transmission times on the 
first and second paths to be the same. 
[0046] The buffers for temporarily storing data to be 
transmitted and/or received can be used to delay the 
cells. 

[0047] In one embodiment of the invention, handover 
occurs at the output of the buffers before multiplexing 
the cells or packets for transmission. The two paths can 
be multiplexed independently of each other for this pur- 
pose 

[0048] In another embodiment of. the invention, there. . 



are two sets of buffers, one for each path. To use this 
facility before handover from the first path to the second 
path, the two sets of buffers can be filled with the same 
cells or packets, handover occurring after the contents 

5 of the buffers are identical In this case, handover can 
be effected a predetermined time from the start of filling 
the butters with the same cells or packets. 
[0049] Handover can also occur when it is established 
that the contents of the buffers are identical. This is es- 

10 tablished when the first duplicated cell or packet of the 
last of the connections has been transmitted on the first 
path, for example. 

[0050] Wher the two sets of buffers are filled with the 
same cells :j; packets before handover, the cells or 
*5 packets already transmitted on the first path are prefer- 
ably eliminated from the second set ot buffers between 
transmission of the last cell or packel on the first path 
and the start of transmission on the second path 
[0051] The invention also concerns a receiver adapt- 
ed to receive digital data transmitted by the above meth- 
od and characterized in that it includes only one demod- 
ulator. 

[0052] The invention also provides a transmitter for 
implementing the above method which includes two 
buffers, the first of which is for temporarily storing non- 
dated or non-numbered cells or packets intended to be 
transmitted on a first path and the second of which is for 
temporarily storing non-dated or non -numbered cells or 
packets intended to be transmitted on a second path, 
and means for preventing transmission of data at the 
output of the second buffer which are inhibited after 
transmission of the last cell or packel on the first path. 
[0053] In an embodiment of the invention, the trans- 
mitter includes means for marking the last cell on the 
first path with a mark which is. used to command inhib- 
iting of the means preventing transmission of data on 
the second path. In this case, it is preferable if the mark 
is eliminated before transmitting the last cell or packet 
on the first path. 

[0054] In another embodiment of the invention, the 
means for preventing transmission of data at the output 
of the -second buffer comprise time-delay, means such 
that the means preventing transmission of data from the 
second buffer remain active for a particular time period 
after the command to hand over from the first path to 
the second path 

[0055] In ah embodiment of the invention, at least one 
equalization buffer delays cells or packets on the first or 
second path long enough for the transmission times on 
the two paths to be equal. To this end, the temporary 
storage buffers can also be used for equalization. 
[0056] The invention also provides an application of 
the method to a telecommunications system using a 
constellation of satellites in low or medium orbit in which 
all the terminals communicate with a connection station 
via a satellite and another satellite takes over the call, 
in particular when the first satellite begins to leave the 
area of visibility of the terminal(s) concerned. 
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[0057] The invention also provides an application of 
the method to a cellular telecommunications system in 
which each cellular area includes a base transceiver 
station for connecting the terminals to the network via a 
switch, the terminals communicate via a base transceiv- 
er station and a call is handed over from a first path via 
a first base transceiver station to a second path via a 
second base transceiver station. 
[0058] Other features and advantages of the inven- 
tion become apparent from the following description of 
embodiments of the invention given with reference to 
the accompanying drawings, in which: 

Figure 1 is a diagram showing a telecommunica- 
tions system to which the invention applies, 
Figure 2 is a diagram showing the method of the 
invention of handing over a call from one path to 
another, 

Figure 2a is a diagram showing one embodiment of 
the invention, 

Figure 3 is a diagram showing one mode of opera- 
tion of the system shown in Figures 2 and 2a, 
Figures 3a, 3b and 3c are diagrams relating to a 
different embodiment of the invention, 
Figure 4 is a diagram relating to a further embodi- 
ment of the invention, and 

Figure 5 is a diagram used to explain other aspects 
of the invention. 

[0059] The embodiment of the invention described 
with reference to the figures relates to a telecommuni- 
cations system including a plurality or constellation of 
satellites in orbit at an altitude of approximately 1 450 
km above the surface of the Earth, which is divided into 
substantially circular areas 700 km in diameter. Each ar- 
ea 20j (Figure 1) contains a control station 22, centrally 
located in the area, for example, and a plurality of ter- 
minals 24 v 24 2 , 24 3 , 24 4) etc. The control station 22 is 
connected to a terrestrial or other type of communica- 
tions network (not shown). 

[0060] All calls transmitted or received by a terminal 
24j pass through the control station 22 and calls be- 
tween each terminal and the station 22 pass through a 
satellite S n or S 2 . In other words, in the example shown 
in Figure 1 , a call between a terminal 24j and a user of 
the network to which the station 22 is connected, passes 
through a satellite or S 2 and the control station 22. A 
call between a terminal 24 1 and another terminal 24 3 or 
24 4 remote from the terminal 24-, passes through the 
satellite S-,, the station 22 and the satellite S 2 or S v 
[0061] Equipment (not shown) on each satellite for re- 
ceiving and re -transmitting calls is switched into service 
in a pre-programmed fashion. In one example, each sat- 
ellite has control means for "illuminating" a plurality of 
terrestrial areas at the same time and such that, as it 
moves, the satellite modifies the beam so that it always 
impinges on the area in question during its active pas- 
sage over the area. The maximum duration of its pas- 



sage is approximately 15 minutes. 
[0062] Because the period for which a satellite is vis- 
ible from an area is limited, the constellation of satellites 
must be arranged so that when a satellite is near the 
s end of its period of visibility another satellite can take 
over the call Because the telecommunications system 
is generally intended for high quality calls, the quality of 
calls must not be affected by the calls being handed over 
from one satellite to another. In other words, the system 
must be organized so that, at least when a satellite han- 
dling a call is close to leaving its area of visibility, another 
satellite is simultaneously in its area of visibility and re- 
mains there when the first satellite is no longer visible. 
[0063] To enable ca\\s to be handed over from a first 
75 path to a second path, two sets of transmit buffers 30 
and 32 are provided in each terminal and/or in the con- 
nection station in the Figure 2 example. 
[0064] The buffers 30 are for the first path, i.e. the one 
that is to be abandoned, and the buffers 32 are for the 
20 new path. For example, the first path uses equipment 
on satellite S-, to connect terminal 24-, to station 22 and 
the second path uses satellite S 2 to connect terminal 
24 1 to station 22. 

[0065] For simplicity, only one buffer is shown in each 

25 set 30, 32. However, each set includes a plurality of buff- 
ers, for example one per grade of service or per flow. 
[0066] In the context of the present description, a flow 
is a volume of traffic data characterized by its destination 
and/or its grade of service In ATM terms, a flow is a 

30 connection, a virtual path or a virtual channel. 

[0067] Various methods are available for determining 
the time of handover from the first path to the second 
path. In a first method, the handover time is determined 
by measuring the quality of transmission, for example 

35 by measuring the signal-to-noise ratio, and the second 
path replaces the first path if its transmission quality is 
better than the quality on the first path. Alternatively, the 
deterministic nature of the position of the satellites can 
be used to pre-program the handover times, which can 

40 be simultaneous for several terminals. 

[0068] Prior to the handover command (HO), the buff- 
ers 30 are filled with cells to be transmitted and after 
handover the buffers 32 are filled with cells to be trans- 
mitted on the second path. 

45 [0069] The cells in the memory 30 are therefore cells 
N-1 , N-2, N and the cells in the buffer 32 are cells N+1 , 
N+2, etc. 

[0070] Transmission is in packet mode and the cells 
are therefore not dated because they can be transmitted 
50 at variable, non-deterministic times. The transmission 
of some cells can be delayed because cells of higher 
priority reach other buffers or because of the arrival of 
a larger flow of data. 

[0071] According to the invention, to limit the signaling 
55 to be transmitted via the satellites, a transmitter 36 is 
authorized to transmit cells from the buffer 32 (the one 
assigned to the second path) only after a transmitter 34 
has transmitted the last cell N from the buffer 30 on the 
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first path. 

[0072] To this end, in this example, a gate 38 is pro- 
vided between the output of the buffer 32 and the input 
of the transmitter 36. The gate is controlled by the output 
signal of the buffer 30. The gate 38 remains closed until 
cell N has left the buffer 30. The gate opens when cell 
N has left the buffer 30 and has been transmitted on the 
first path by the transmitter 34. 

[0073] The marking of the last cell in the buffer 30 can 
be reduced to one bit. It is most important to note that 
this marking is transmitted only within the transmitter 
(terminal or connection station) and is not transmitted 
via the satellite. In other words, this handover mecha- 
nism limits signaling and is therefore beneficial from the 
point of view of maximizing call capacity. 
[0074] In a variant of the invention (not shown), the 
last cell in the buffer 30 is not marked and instead cells 
are blocked at the output of the buffer 32 for a particular 
time after the handover command HO sufficient for cells 
lo be transmitted from the buffer 32 only afler Ihe last 
cell has been transmitted from the buffer 30. 
[0075] Also, the cells are received by the rece iver AO 
in the correct order only if the transmission time f rom the 
transmitter to the receiver is the same for both paths. It 
is generally sufficient for cells or packets on the second 
path to arrive after cells or packets on the first path. In 
this way cells or packets do not arrive at the receiver 
simultaneously, and the transition therefore occurs with- 
out losses and the receiver can include a single demod- 
ulator 42 and a single buffer 44 (Figure 2) Figure 2 
shows that the demodulator 42 can receive signals on 
the first and second paths via respective antennas 46 
and 48 connected to the same input of the demodulator 
42. 

[0076] The propagation time from the transmitter -to - 
the receiver via the first path is proportional to the dis- 
tance from the transmitter to the satellite S 1 plus the dis- 
tance from that satellite to the receiver. For the second 
path, the propagation time is proportional to the distance 
from the transmitter to the second satellite plus the dis- 
tance from the second satellite to the receiver. These 
distances are generally different. To make the transmis- 
sion times the same, the transmitter and/or the receiver 
include(s) equalization buffers (not shown) and conirol 
means such that the time for which the cells remain in 
each of the buffers is adjusted so that the time spent in 
the transmitter's equalization buffers plus the time T a for 
the signals to travel from the transmitter to the receiver 
plus the time spent in the receiver's equalization buffers 
is constant and equal to 25 ms, lor example. 
[0077] Figure 3 shows this property and represents 
three segments. The first segment T g is the time spent 
in the transmitter's (for example the connection sta- 
tion's) equalization buffers, the segment T a is the time 
corresponding to the propagation of the signals at the 
speed of fight from the transmitter to the receiver via a 
satellite, and the third segment T t is the time the cells 
spend in^the receiver's equalization buffers, i.e. those of 



a terminal in this example. 

[0078] In another example (not shown) , handover ap- 
plies to transmission between a terminal of a mobile tel- 
ephone system and a switch upstream of the base trans- 
5 ceiver stations A call between the switch and the termi- 
nal can be handed over from a first path through a first 
base transceiver station to a second path through a sec- 
ond base transceiver station. 

[0079] In the example shown in Figure 2a, each ter- 
10 minal or connection station has a set of buffers 60, 
62, .... 66 for storing ATM cells and each buffer corre- 
sponds to a particular grade of service. 
[0080] In an example, the buffer 60 corresponds to 
electronic mail transmission, the buffer 62 corresponds 
75 to telephone calls, and the buffer 66 corresponds to 
transmission of program data. 

[0081] The memories are assigned variable priorities. 
Electronic mail has a lower priority than telephone calls, 
for example. 

20 [0082] The rates of filling and emptying each buffer 
also depend on the corresponding grade of service and 
the bit rate of the information in the other buffers 
[0083] In this embodiment, the handover 70 from one 
path to another occurs at the Medium Access Control 

25 (MAC) level, i.e. downstream of the buffers 62, 66, but 
before the cells are multiplexed. The cells leaving the 
buffers must be multiplexed (at 72, 72' in Figure 2a) by 
distributing the cells in accordance with a grid 74, 74' 
assigning each cell a particular time slot and/or a par- 

30 ticular code (if the CDMA technique is used) as a func- 
tion of the available resources. 

[0084] Each multiplexing system includes its own 
power control function. 

[0085] Also, the receiver 80 receives cells or packets 

35. in the correct order only if Jhe.transmission time from the^ 
transmitter to the receiver is the same on both paths. 
More generally, it is sufficient for cells or packets on the 
second path to arrive after cells or packets on the first 
path. Thus cells or packets therefore do not arrive si- 

40 multaneously at the receiver and the transition therefore 
occurs without loss and the receiver can include a single 
demodulator and a single set of buffers. 
[0086] - In this example, equalization is obtained in the 
manner described with reference to Figures 2 and 3. 

45 [0087] In a manner that is analogous to the Figure 2 
example, tne handover mechanism shown in Figures 2a 
and 3 does not require any purge cell as used in the 
prior art, i.e. any marking of the last cell on the first path. 
[0088] The transmission times of the cells 76', 78' on 

50 the second path are chosen so that the first cell 76' 
reaches the receiver 80 after the last cell 82 on the first 
path. 

[0089] This embodiment is particularly simple to im- 
plement because the multiplexing systems 72 and 72" 
55 are independent of each other and there is therefore no 
constraint on the assignment of powers and resources. 
[0090] Also, handover from one path to another is 
. practically instantaneous because it occurs simultane- 
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ously for all the cells leaving the various buffers. 
[0091] In the embodiment of the invention shown in 
Figures 3a, 3b and 3c, there are two sets of buffers, each 
buffer corresponding to a grade of service, as in the em- 
bodiment described with reference to Figure 2a. For 
simplicity, these figures show only one buffer of the set. 
In this embodiment, the time of transmission of the cells 
on the second path is also chosen so that the first cell 
reaches the receiver after the last cell on the first path. 
The facility described with reference to Figure 3 can be 
used for this purpose. 

[0092] Each set 84, 86 of buffers is associated with a 
respective multiplexing system 8^ and 86-,, as in the 
Figure 2 example. The unit 84-! transmits on a first path 
and the unit 86-, transmits on a second path. In the ex- 
ample described, each path corresponds to an antenna 
pointed at a satellite. 

[0093] Figure 3b shows the situation of transmission 
on the first path before preparing transmission on the 
second palh. Under Ihese condilions, only the sel 84 of 
buffers is fed with cells to be transmitted, the set 86 of 
buffers remaining empty. 

[0094] Figure 3b shows a step of preparing for hando- 
ver, transmission on the first path, i.e. via the transmitter 
84-,, continuing but filling of the set 86 assigned to the 
second path beginning. 

[0095] To be more precise; in this embodiment, the 
two sets of bulfers 84, 86 are filled with identical cells in 
a preparation step, before handing over transmission 
from the first path to the second path. The cells of each 
connection are therefore duplicated. Accordingly, in the 
situation shown in Figure 3b, the initially empty set 86 
is filled. The set 84 continues to be filled, but also con- 
tinues to be emptied because of the transmission of cells 
on the first path. 

[0096] There is a gate 84 2 , 86 2 between the output of 
each buffer of the set 84, 86 and the corresponding 
transmitter 84^ 86^ The gate 84 2 is opened to enable 
transmission and the gate 86 2 is closed to prevent trans- 
mission. 

[0097] The two sets 84, 86 of buffers have identical 
contents after a particular time which depends on the 
transmission of cells on the first path. Handover from 
the first path tothe second path can occur from that time. 
It entails closing the gate 84 2 and opening the gate 86 2 . 
[0098] For the first cell on the second path to arrive 
immediately after the last cell on the first path, the pro- 
cedure is as described with reference lo Figures 2, 2a 
and 3, i.e. cells on the first or second path are delayed 
so that cells on the second path reach the receiver after 
those on the first path and the transmission times on the 
two paths are preferably equal (Figure 3). 
[0099] To verify that the contents of the buffers are 
identical, during duplication the cells are stored in the 
buffers of the sets 84 and 86 with a number, an indication 
of the flow (the buffer or queue) to which they belong 
and an indication of the receiver they are to reach. The 
buffers of the set 84 pass onto the buffers of the set 86 



this number and the other information for cells transmit- 
ted on the first path. 

[0100] The contents of the buffers of the sets 84 and 
86 are considered to be identical when all the duplicated 

5 first cells of all the flows addressed to all the terminals 
have been transmitted on the first path. In this case, all 
subsequent cells are necessarily in set 86. 
[0101] The information supplied by the set 84 to the 
set 86 on the cells that have been transmitted enables 

10 cells already transmitted on the first path to be eliminat- 
ed from the buffers of the set 36 at the time of handover, 
i.e. at the start of transmission by the transmitter 86 v 
[0102] In this embodiment, in which handover from 
the first path to the second path occurs when the con- 

15 tents ol the buffers are identical, the time between the 
start of duplication of the cells and handover can be min- 
imized. However, this can be relatively complex be- 
cause determining the time from which the contents of 
the two sets of buffers are identical requires the set 84 

2° to supply information lo the sel 86. 

[0103] This is why, in one variant of the invention, 
handover occurs a predetermined time after the start of 
duplication. 

[0104] This latter feature can easily be implemented 
2S in a telecommunications system using non-geostation- 
ary satellites because the positions of the satellites are 
known in advance and handover times can be predeter- 
mined and therefore anticipated. 

[0105] In one example, the time between starting cell 
30 duplication and handover is in the order of 2 seconds. 
[0106] If, after handover, the set 86 contains cells that 
have already been transmitted by means of the set 84, 
the cells that have already been transmitted on the first 
path are eliminated from the set 86. As in the embodi- 
es rnent previously described, it is therefore necessary to 
compare the contents of the sets 84 to 86 of butters. 
However, less signaling is required than in the embodi- 
ment for which handover from the first path to the sec- 
ond path occurs as soon as the contents of the buffers 
40 are identical. 

[0107] Regardless of the embodiment used, it is no 
longer necessary to duplicate the cells after handover 
to the second path. Under these conditions, transmis- 
sion is effected as shown in Figure 3c, i.e. only via the 
4S set of buffers 86. 

[0108] In the variant of the invention shown in Figure 
4, as in the embodiment of the invention shown in Fig- 
ures 3a to 3c, there are two sets of buffers, one for each 
path. The set 88 is for the first path and the set 90 is for 
so the second path. 

[0109] In this variant of the invention, handover con- 
sists in transferring data from the set 88 of buffers to the 
set 90 of buffers This occurs after the last cell is trans- 
mitted on the first path. The transfer of data from the set 
55 88 to the set 90 can be either serial or parallel. Note that 
the transfer of data is not of the same nature as the 
transfer of information described with reference to Fig- 
ures 3a to 3c, since here it is a question of data as such, 
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transmission on the second path and the mark is 
eliminated for transmission to the receiver 

4. A method according to claim 2, characterized in that 
5 transmission on the second path is blocked for a 

predetermined time following the command (HO) to 
hand over from the first path to the second path. 

5. A method according to any of claims 1 to 4, charac- 
to terized in that, to enable reception of cells or pack- 
ets on the first path after reception of cells or pack- 
ets on the first path, cells or packets on the first or 
second path are delayed for a time enabling the 
transmission times on the two paths to be made 

15 equal. 

6. A method according to claim 5, characterized in that 
equalization buffers are used in the transmitter and/ 
or in the receiver to obtain equal transmission times. 

20 

7. A method according to claim 1 , characterized in that 
a set (60,62,66; 84,86; 88,90) of buffers temporarily 
stores data to be transmitted, each buffer corre- 
sponds to a particu lar type of data to be transmitted 

25 and handover from the first path to the second path 
occurs practically synchronously for the various 
butters of the set. 

8. A method according to claim 1 , characterized in that 
30 the cells or packets are delayed long enough lor the 

transmission time on the first and second paths to 
be equal. 

9. A method according to claim 7 or claim 8, charac- 
35 terized in that the buffers for temporarily storing da- 
ta to be transmitted and/or received are used to de- 
lay the cells. 



not information data such as numbers or identifiers of 
connections or flows to which the cells belong. 
[0110] Data can be transferred from one path to an- 
other at any time and the transfers for the various buffers 
can therefore be synchronized. 

[0111] The Figure 5 diagram shows the evolution with 
time of data reaching a receiver. 
[0112] Diagram a) in Figure 5 corresponds to the op- 
eration of a receiver using the prior art process in which 
the receiver re-orders the cells from both paths. The first 
line 92 of this part a) of the diagram corresponds to the 
arrival time of cells on the first path and the line 94 cor- 
responds to the arrival times of cells on the second path. 
There is therefore an overlap period 96, which requires 
the receiver to have two demodulators and two sets of 
buffers. 

[0113] Diagrams b) in Figure 5 correspond to the re- 
sults obtained with systems of the invention in which 
there is a plurality of flows or connections, i.e. of buffers. 
These diagrams show that data from the first buffers ar- 
rives in a period 98 on the first path and then in a period 
1 00 on the second path The two periods 98 and 1 00 do 
not overlap and can join instantaneously, as shown. 
Similarly, for the second buffers, cells on the first path 
arrive in a period 98-, and cells on the second path arrive 
in a period 100-,, with no overlap, and the transition 99 
from the period 98 to the period 1 00 is simultaneous with 
the transition 99 1 from the period 98-, to the period 1 00-, . 



Claims 

1. A method of transmitting non-dated or" non-num- 
bered digital data in packet mode between a remote 
transmitter and a remote receiver in which the data 
is able to take at least two different paths between 
the transmitter and the receiver and handover from 
a first path to a second path occurs during transmis- 
sion, characterized in that in the transmitter cells or 
packets intended for the second path (36) are trans- 
mitted only after the last cell or packet intended for 
the first path (34) has been transmitted and in that 
in the transmitter and/or in the receiver cells or 
packets on the first or second path are delayed so 
that cells or packets on the second path arrive alter 
cells or packets on the first path. 

2. A method according to claim 1 , characterized in lhat 
a first buffer (30) temporarily stores data to be trans- 
mitted on Ihe first path and a second buffer (32) tem- 
porarily stores data to be transmitted on the second 
path and in that transmission of data from the sec- 
ond buffer (32) is blocked until the last cell or packet 
on the first path has been transmitted. 

3. A method according to claim 2, characterized in that 
the last cell or packet on the first path is marked in 
the transmitter, the mark is used to unblock (38) 



10. A method according to claim 7 or claim 8 or claim 
40 9, characterized in that handover occurs at the out- 
put of the buffers before multiplexing the cells or 

. - .. packets for .transmission. 

11. A method according to claim 10, characterized in 
45 that the two paths are multiplexed independently of 

each other. 

12. A method according to claim 7 or claim 8 or claim 
9, characterized in that there are two sets of buffers 

50 (84, 86), one for each path. 

13. A method according to claim 12, characterized in 
that the two sets of buffers are filled with the same 
cells or packets before handover from the first path 

ss to the second path, handover occurring when the 
contents of the buffers are identical. 

14. A method according to claim 13, characterized in 
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that handover occurs a predetermined time after the 
start of filling the buffers with the same cells or pack- 
ets. 

15. A method according to claim 13, characterized in 
that handover occurs when it is determined that the 
contents of the buflers are identical. 

16. A method according to claim 15, characterized in 
that the contents of the buffers are considered iden- 
tical when the first duplicated cell or packet of the 
last connection has been transmitted on the first 
path. 

1 7. A method according to any of claims 1 3 to 1 6, char- 
acterized in that cells or packets which have already 
been transmitted by the first path are eliminated 
from the second set of buffers between transmis- 
sion of the last cell or packet on the first path and 
the start of transmission on the second path. 

18. A method according to any of claims 7 to 17, char- 
acterized in that each buffer is intended for a par- 
ticular grade of service and/or a particular flow 

19. A receiver adapted to receive digital data transmit- 
ted by the method according to any preceding 
claim, characterized in that it includes a single de- 
modulator (42). 

20. A transmitter for implementing the method accord- 
ing to any of claims 2 to 4 comprising two buffers 
(30, 32), the first of which (30) is for temporarily stor- 
ing non-dated or non-numbered cells or packets to 
be transmitted on a first path and the second of 
which (32) is for temporarily storing non-dated or 
non-numbered cells or packets to be transmitted on 
the second path, characterized in that it includes 
means (38) for preventing transmission of data at 
the output of the second buffer (32) and said means 
are inhibited after transmission of the last cell or 
packet on the first path. 

21. A transmitter according to claim 20, characterized 
in that it includes means for marking the last cell on 
the first path with a mark which is used to command 
inhibiting of the means preventing transmission of 
data on the second path. 

22. A transmitter according to claim 21, characterized 
in that the mark is eliminated before transmitting the 
last cell or packet on the first path. 

23. A transmitter according to claim 20, characterized 
in that the means for preventing transmission of da- 
ta at the output of the second buffer comprise time- 
delay means such that the means preventing trans- 
mission of data from the second buffer remain ac- 
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tive for a particular time after the command to hand 
over from the first path to the second path. 

24. A transmitter according to any of claims 20 to 23, 
characterized in that it includes at least one equal- 
ization buffer for delaying cells or packets on the 
first or second path long enough for the transmis- 
sion times on the two paths to be equal. 

10 25. A transmitter according to claim 24, characterized 
in that the temporary storage buffers are also used 
for the equalization 

26. The application of the method according to any of 
*5 claims 1 to 18 to a telecommunications system us- 
ing a constellation of satellites in low or medium or- 
bit in which all the terminals communicate with a 
connection station via a satellite and another satel- 
lite takes over the call, in particular when the first 

20 satellite begins to quit the area ol visibility of the ter- 
minal(s) concerned. 

27. The application of the method according to any of 
claims 1 to 18 to a cellulartelecommunications sys- 

25 tern in which each cellular area includes a base 
transceiver station for connecting the terminals to 
the network via a switch, the terminals communi- 
cate via a base transceiver station and a call can be 
handed over from a first path via a first base trans- 

30 ceiver station to a second path via a second base 
transceiver station. 
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